Reviewer #1 (Remarks to the Author):
Point-by-point response to "Article ID: NCOMMS-16-12106-T, Title: Oscillating Edge States in One-dimensional MoS 2 Nanowires" Reviewers' comments:
Reviewer #1 (Remarks to the Author): The manuscript reports the preparation of MoS2 nanowire and nanoribbon on a vicinal Au substrate. The strain induced morphology corrugation and associated edge state modulation were revealed very clearly by using STM/STS combined with first principles calculations. The data and analysis are clean and convincing. However I feel that the reported result is conceptually not new, and not so important to stimulate a general interest. Edge state is commonly observed on surface steps and 1D structures, and strain modulation due to lattice mismatch is very natural. It is not surprising to observe such phenomena. The authors claim that such modulation along 1D wire may tune the 1D transport property, which is of course interesting if the authors can demonstrate it. But that is totally another story. For the present work, I feel it more suitable for a more specific journal such as physical review B.
Response to first referee's comments:
Although edge state are commonly observed on surface steps and 1D structure, this is the first time that edge states from a single molecular scale MoS 2 wire with extremely narrow width (0.6 nm width) are studied experimentally. We showed convincingly how such ultrathin nanowires can be prepared with a high coverage on Au surface. Due to the extreme width of such nanowires, the property of the MoS 2 nanowire is dictated by its edge states. There are several key features which distinguishes the current work from any previous reports (if any)
1. The oscillation of edge states has not been reported thus far. In fact this is true not just for MoS 2 , but for any form of semiconductor or metallic nanowires. Our work reported such oscillation for the first time in an ultra-narrow nanowire.
2. The dependence of the conductance oscillation of this edge state on system size has never been systematically studied and verified, and we did so in this work. We showed that this oscillation is active only when the system size is reduced to a single molecular wire. 1. How stable would the MoS 2 nanowires be if these are exposed to air?
Response: Due to the reactive nature of the edges of such ultra-narrow wires, the nanowire will react with oxygen. However, the structural integrity of the wire is kept as we can still observe it under STM. The thicker wires are less reactive than the thinner ones, due to the higher ratio of basal plane atoms to edge atoms.
2. Can the authors comment about the possibility of releasing the nanowires from the gold substrate to use them in other applications? Is this possible?
Response: In this paper, our samples were prepared on the single crystal gold substrate, so it is costly to peel out the MoS 2 nanowires by chemically etching the gold. In future, we will attempt to synthesize the nanowires on Au or Cu foils. Alternatively it is possible to prepare epitaxial gold films on mica surface for the growth of the MoS 2 nanowires, and the ultrathin gold film can be etched when we transferred the wires using the polymer stamp approach, similar to transferring graphene. In this way, the nanowires may be delaminated from the gold substrate.
Due to the technical challenge involved in these steps, they are not attempted in the current study which has its focus on the atomic structures of these wires.
3. According to the authors DFT calculations, the suspended thinnest nanowire possesses a band gap of 0.14 eV. Since DFT always underestimates the band gap, the authors should mention this in the text. Can the authors provide a theoretical realistic value of this band gap for the suspended system?
Response:
The referee is correct to point out that in most cases, DFT significantly underestimates bandgaps of semiconducting materials by 50% due to the neglect of strong correlations in XC functionals.
However, MoS 2 is an exceptional case that DFT is able to generate reasonably good bandgap.
For a monolayer MoS 2 , a previous DFT study gave a bandgap around 1.7 eV, agreeing very well with the experimental value of 1.8 eV (Sci. Rep. 4, 3987, 2014) . Our DFT calculations yielded 1.68 eV of the bandgap of a monolayer MoS 2 (see figure below for the DOS), perfectly matching previous results. To further address the issue, we also did the so-called DFT+U calculations where the effects of strong correlations are introduced through the Hubbard U. DFT+U method was designed to fix the underestimated bandgap by DFT. We found that for monolayer MoS 2 , (unlike other materials) the inclusion of U decreases the bandgap which can be seen from Fig. 2 . We therefore concluded that the DFT prediction of 0.14 eV for the thinnest MoS 2 wire we synthesized is reasonable. We have added this comment in supporting file. Mainly with the STM, Authors studied one-dimensional MoS2 grown at the step edge of Au surface, found a periodical oscillation. The observation is original and interest, although this phenomenon is very similar to 2D moire pattern. the data were collected carefully and analyzed reasonable, the presentation is clear, the conclusions sound right and useful. There are a few points should be considered before publication.
Response to third referee's comments:
1. The treatment of uncertainties. Authors mentioned the period is 4.4 ± 0.2 nm, but I cannot find why is ±0.2, please specify it.
Response: The period is measured by analyzing the line section profiles of 30 dI/dV maps of MoS 2 nanowires, taking the statistical mean of their period. The uncertainty arises from the standard deviation of this mean period.
2. Line 151,152. "On the other hand, it is noted that a peak with similar position as P2 has been reported on the edges of MoSe2". I do not understand why authors mentioned a MoSe2 peak.
The materials are different; it is useless to compare two STS peaks from two materials.
Response: Yes, we agree, this sentence has been deleted in the text.
3. Line 168, 169. "This asymmetric behaviour is similar to the moire pattern inversion between the filled and empty electronic states in monolayer MoS2/Au system." Please give a Ref.
article.
Response: Actually, this is a typo error, we have changed this sentence to "This asymmetric behaviour is similar to the moiré pattern inversion between the filled and empty electronic states in monolayer grapehene/Ru system (Phys.Rev.Lett.100, 056807,2008)." In Gr/Ru system, the STS recorded on the top of the "high" and "low" regions are obviously different due to inhomogeneities in charge distribution due to electron doping from Ru substrate. This is analogous to the observation in our MoS 2 nanowires 4. In this manuscript, Line 118, the edge of MoS2 was considered to be terminated by mono-S.
Do Authors check the edge be terminated by dimer-S?
Response: We did not observe dimer-S on ultranarrow MoS 2 wire. However we do observe a bright-dark alternating pattern along the edge of tooth-saw like nanoribbons as shown in Fig. 3 , in which a periodicity is twice the lattice of MoS 2 (3.15Å). This 2× period is typical characteristic of S2 dimer terminated zigzag Mo edge (Nat Nanotechnol 2, 53,2007) . It is not clear to us at this stage how the terminations differ, but it may be related to fluctuations in chemical potential of S and Mo during growth. Response: For systems under study, it is difficult to compare the simulated STM images with experiments because for such ultra-thin wires, the STM tip induced local field normally has great effects, while in simulations, STM tip is not included and the STM image is approximated by ground-state surface local DOS. To demonstrate this, we conducted DFT calculations to simulate the STM image of the single wire. Results are shown in Fig. 4 . As expected, although we do see the variation of DOS along the wire, but it is hard to compare simulations with experiments.
Actually, in this case, in our opinion, it may make more sense to relate the charge redistribution (Fig. 3g in the paper) with experimentally observed STM image. The charge redistribution mainly happens at the contact region between MoS 2 and Au substrate, which does not affect much the surface local dos, but surely have great effects on electron tunneling from the Au substrate to the STM tip that will be reflected in observed STM images. On the other hand, we fully agree with the referee that it would be nice to be able to directly explain the observed STM images from theory. This will have to be done by more advanced calculation that fully takes into account the STM-tip induced nonequilibrium effects. We plan to do this using the recently proposed steady-state DFT that is good for nonequilibrium quantum systems (Sci. Rep. 5, 15386 (2015) ) to address this issue in our future study. We have added more discussions for this in the resubmitted paper. 
